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Introduction
According to Wardoyo et al. (2011) , the urban environment is specific to hard surface, typical urban geometry, vegetation areas and variability of surface materials. These factors form and influence microclimate. For every active surface, it is typical that there is a transformation of the energy of the shortwave radiation to the thermal energy. A part of this energy goes to sub base of active surface and vice versa. The active surface is the main climatic factor (Středová et al., 2011) . Vegetation plays a significant role in the formation of microclimate and thermal comfort. The surface temperature of vegetation influences the thermal balance through the blazing change (Scudo et al., 2002) . Different types of surfaces in the urban environment have different impacts on vegetation. The outflow and sedimentation change, depending on the type of material (Godefroid, Koedam, 2004) . Miller and Hobs (2002) point out to possibilities of modeling specific area changes in the urban environment. Solar radiation forms the climatic regime of the Earth and influences the environment. The total solar radiation impinging on the surface of the Earth is global radiation. Global radiation has two components -direct and diffuse radia- Vol. 34, No. 4, p. 392-402, 2015 DOI:10.1515 /eko-2015 tion (Chmelík, Pribulová, 2005) . Tree vegetation uses 2% of solar energy on photosynthesis, 60−80% is absorbed by leaves and 5−15% is reflected back to space. The rest of the solar energy goes through leaves. A certain amount of radiation is used for warming up the particular parts of a tree. Trees with thin crowns can receive 60−80% of solar radiation. Through the trees with compact crowns penetrates 2−3% of solar radiation (Pauditšová, Reháčková, 2006) . Albedo is the difference between absorbed and issued heat. Plants have value of albedo that is higher compared with compact areas. The values of albedo differ depending on the type of vegetation and surface. Vegetation generally has value of albedo 15−30%, conifers 10−20% and dry soil 20−30%. Thermal balance is influenced by the level of transparency of vegetation (density of crown, size of leaves and their orientation) (Pauditšová, Reháčková, 2006) . In the urban environment are large concentration of surfaces that are strongly overheated and have large thermal capacity. The result is the accumulation of heat in the city environment (Hudeková, 2012) . The temperature of the active surface directly infulences the thermal conditions on the ground and the marginal layer of the atmosphere (Středová et al., 2011) . Different thermal characteristic of the active surfaces lead to increased heat absorption during the period of positive energy balance. Due to this modification, the built-up areas can be warmer than the surrounding land. According to Oke (1997) , the specific thermal conditions are related to albedo and air pollution. Vegetation areas do not accumulate heat. After the opening of the stomata and during assimilation, the temperature of stomata matches the air temperature or drops down under this temperature (Slováková, Mistrík, 2007) . According to Small and Miller (2010) , vegetation influences the city conditions of the environment. Vegetation areas have an impact on the energy demand and the formation of thermal heat islands. In certain conditions, plants directly under the sun overheat as well, but this is just short-term overheating, because the evaporation of water from the leaves decreases the temperature of assimilating organs, when they are removed from direct sun. Leaves close their stomata to prevent excessive evaporation, which causes even more overheating of leaves. It is important to mention that overheated dry soil, asphalt, concrete, walls of the buildings, tin roofs, or body shells of cars radiate the heat even though the sun is not shining (Čaboun, 2008) . The formation of thermal conditions in built-up areas is related to specific characteristics of the urban environment. In the urban environment, there is a change of geometry of an active surface. The expansion of active surface and vertical surfaces is also significant (Voogt, Oke, 2003) . 
Material and methods
The legwork was accomplished in residential area of Chrenova 1. The selected localities consisted of three apartment complexes -A,B,C. In apartment complex A -localities A1, A2; in apartment complex B -localities B1, B2; in apartment complex C -localities C1, C2. Research areas include vegetation area, hard surface and block of flat (Fig. 1) .
In research areas were accomplished the measurments: 1. in vegetation area -with touch probe and 2 m above the surface 2. on hard surface -with touch probe and 2 m above the surface
Structure of vegetation areas
Locality A1: The vegetation in the locality A1 is bilayer with 50 trees. The monitoring point is located in dense and relatively closed canopy of 26 trees with continuity on the open lawn. The highest part has the type Acer pseudoplatanus -16% (Fig. 2) . Locality A2: The vegetation in the locality A2 is three-layered with 33 trees; it is structured into five formations with a central lawn. The vegetation area is open to the inside of residential area. The monitoring point is located in sparse vegetation with 7 trees. The highest percentage has Pinus sylvestris -38% (Fig. 3) . Locality B1: The vegetation in the locality B1 is three layered with 46 trees. The trees are organized into three small clusters on the left side. In the middle of the vegetation area is the lawn with solitaire tree. The monitoring point is located in vegetation with a dense canopy of crowns with 9 trees. The highest percentage has Tilia cordata -34.9% (Fig. 4) . Locality B2: The vegetation in area B2 is three layered. It is organized into two clusters, with a dense canopy of crowns. The number of trees in the vegetation area is 11. The monitoring point is located in the central lawn near the children's playground. The 
Measurements in research areas
In research areas A1, A2, B1, B2, C1, C2 were accomplished measurements with Anemometer TSI Veloci Calc 9565 -P; it is a method of surface thermal monitoring. Twenty measurements were made at 3-second intervals at both the monitoring points for statistical evaluation. Monitoring of microclimatic factors: 1. air temperature (2 m above the surface) 2. surface temperature (with touch probe) 3. relative humidity (2 m above the surface).
Measured values of microclimatic factors during the summer we evaluated with Statistica 7. We used the analysis of variance (ANOVA) one-way and Tukey HSD test (honest significant difference test ).
Results
The aim of this study is to evaluate the capability of accumulation of solar radiation depending on the structure T a b l e 1. Time of measurements in summer period.
In Fig. 8 are the significant differences in surface temperature in the interval 6:30 a.m. -12:30 p.m. between the localities A2-B2 and A2-C2. During the time of positive energy balance was the difference of surface temperature on the research area A2 -8.95 °C; on the research area B2 -13.49 °C; on research area C2 -14;35 °C. The vegetation area A2 had 33 trees. The measurement point is located in a sparse canopy of vegetation with 7 trees. The surface temperature on research area A2 was 26.3 °C at the time 12:30 p.m. It was also the lowest value. The significant value was the relative air humidity at the time 6:30 a.m. The maximum relative air humidity was 76% on the research area A2. The degree of saturation of air by water vapour in vegetation depends on the quantity and the function of the vegetation. Significant is the relation between humidity and air temperature, higher humidity = lower temperature. The lowest value of relative air humidity was 69% in locality B2 at the time 6:30 In Fig. 9 is the evaluated difference of temperature in monitoring point of hard surface between localities A1, B1, C1. We evaluated the surface temperature at the time 12:30 p.m. and the difference between air and surface temperature in the monitoring point of hard surface in the interval 12:30 p.m.-9:30 p.m. The statistically significant value was the difference of surface temperature between localities A1-B1 in the interval 6:00 a.m.-12:30 p.m., (Tukey HSD test, p=0.04, p<0.05). In the research area A1, the temperature in the monitoring point of hard surface increased up to 8.12 °C. In the vegetation area A1 were 50 trees in the dense canopy, after which the hard surface continued. Trees with south-west orientation in the dense canopy provided partial shading on the hard surface during the time of positive energy balance -in the interval 6:00 a.m.-12:30 p.m. The accumulation of solar radiation in this research area was the lowest compared to localities B1 and C1. Between localities A1-C1 was noticed significant statistical difference of surface temperature at the time 12:30 p.m. (Tukey HSD test p=0.02, p<0.05). The value of surface temperature in the research area A1 was 25.88°C, and in the research area C1 was 30.69 °C at the time 12:30 p.m. In the interval 12:30 p.m.-9:30 p.m., we evaluated the cooling effect on the hard surface temperature among localities A1, B1, C1. The lowest difference of surface temperature in the interval 12:30 p.m.-9:30 p.m. was in the locality A1 -2.83 °C. The difference of surface temperature in the locality B1 was -6.83 °C. In the locality C1, the difference of surface temperature in the interval 12:30 p.m.-9:30 p.m. was 6.51 °C. Statistical significance was confirmed between localities A1-B1 (Tukey HSD test, p=0.0002, p<0.001) and localities A1-C1 (Tukey HSD test, p=0.0005, p<0.001). In the interval 12:30 p.m.-9:30 p.m., we evaluated the cooling effect -air temperature above the hard surface among localities A1, B1, C1. The lowest difference in air temperature above hard surface was in the locality A1 -3.63 °C. In this locality were 50 trees with a dense canopy of crowns (Fig. 2) . During the time of negative energy balance, the air temperature cooled down the least in the locality A1. It was a result of the vegetation with the transpiration impact that maintained the air temperature. The vegetation area regulates the maximum differences in vegetation and its surroundings when the sun is not shining. We confirmed the significant statistical difference in air temperature above the hard surface between localities A1-C1 (Tukey HSD test, p=0.02, p<0.05).
In Fig. 10 are the compared values of the surface temperature among localities A1, B1, C1 in the monitoring point of the vegetation area and the hard surface at the time 12:30 p.m.. The lowest temperature of the surface in the vegetation area was measured in the locality A1 -26.04 °C, and the highest temperature in the locality B1 -26.7 °C. The highest surface temperature on the hard surface was measured in the locality C1 -30.68 °C. The difference in surface temperature between the monitoring points of vegetation area and the hard surface was 4.3 °C. In the monitoring point of the hard surface was observed the lowest of surface temperature in the locality A1 -25.88 °C. The minimum difference in surface temperature between monitoring points of the vegetation area and the hard surface of the locality A1 was 0.16 °C. The locality A1 had the maximum number of trees among all the research areas. In Fig. 11 are the compared values of the surface temperature among localities A2, B2, C2 in the monitoring points of the vegetation area and the hard surface at the time 12:30 p.m. The lowest surface temperature in monitoring point vegetation area was measured in the locality A2 -26.3 °C and the highest surface temperature in the locality C2 -31.56 °C. The highest surface temperature -35.42 °C in monitoring point of hard surface was measured in the locality B2 and the lowest surface temperature in the locality A2 -31.31 °C. The highest difference in surface temperature between the vegetation area and the hard surface was -5.32 °C in the locality B2. In Table 2 are evaluated the impact of orientation towards cardinal points in surface temperature in the measurement point in vegetation area for all localities -A1, B1, C1 with south-west orientation, localities A2, B2, C2 with north-east orientation. Statistically significant were differences in surface temperature depending on the orientation between localities A1-C2 (Tukey HSD test, p=0.007, p<0.01), localities B1-C2 (Tukey HSD test, p=0.03, p<0.05) and localities C1-C2 (Tukey HSD test, p=0.01).
In Table 3 are evaluated the impact of orientation towards cardinal points in the surface temperature in the measurement point on hard surface for all localities, A1, B1, C1 with south-west orientation, localities A2, B2, C2 with north-east orientation. Statistically significant were differences in the surface temperature depending on the orientation between localities A1-B2 (Tukey HSD test, p=0.0004, p<0.001) and p=0.0008, p<0.001 T a b l e 3. Values of surface temperature (°C) on hard surface-localities A1, A2, B1, B2, C1, C2 depending on orientation in summertime at 12:30 p.m.
Discussion
In this study, we evaluated the capability of accumulation of solar radiation depending on the type of surface in city Nitra. The active surfaces in the urban environment are the main microclimatic factors. The microclimatic function of vegetation and monitoring its specific demonstrations is nowadays the current tool for elimination of extreme weather demonstrations, especially in the urban environment. The capability to absorb solar radiation during the time of positive energy balance depends on the vegetation structure, the canopy of trees and the quantity. In Fig. 8 , the surface temperature increased by 13.49 °C in the vegetation area B2 with the dominant lawn in the interval 6:00 a.m.-12:30 p.m. In the vegetation area C2, the surface temperature increased by 14.35 °C. In the vegetation area A2, the monitoring point is located in a sparse canopy of 7 trees. Here the surface temperature increased by only 8.95 °C. We evaluated the statistical significance in surface temperaure depending on the vegetation structure by using ANOVA one-way analysis and Tukey HSD test. According to Čaboun, 2008 , the way the vegetation modifies direct solar radiation influences the thermal regime. On average, the difference in the surface temperature between the vegetation area with and without trees (with the lawn) was 5−6 °C. The correlation between vegetation structure and surface temperature was confirmed by the authors (Keresztesová et al., 2013) . They recorded the lowest surface temperature during summertime in city park of Nitra. The changes of relative air humidity are related to the air temperature. According to Tužinský, 2002 , is higher relative air humidity in the tree vegetation, in the part of trunk -the morning type of humidity. The highest relative air humidity is in the surface of the soil. It was confirmed in the vegetation area A2 with the tree vegetation. Here the value of relative air humidity was 76% at the time 6:30 a.m. Compared with the value of relative air humidity in the vegetation area B2, without the trees vegetation, it was only 69%.
The vegetation area A1 is the locality with the maximum of trees -50 species in the dense canopy of crowns . We monitored the surface temperature on the hard surface near the vegetation area (Fig. 1) . Trees with the dense canopy provide partial obscuration of the hard surface at the time of positive energy ballance -interval 6:30 a.m.-12:30 p.m. Here we evaluated the lowest accumulation of the surface temperature compared with localities B1 and C1. Between localities A1-C1, at the monitoring point of the hard surface, we evaluated the significant statistical difference in the factor of surface temperature at the time 12:30 p.m. too. In the locality A1, it was 25.88 °C, and in the locality C1, it was 30.69 °C, (Tukey HSD test, p=0.02, p<0.05). The lowest cooling effect of air temperature we evaluated was in locality A1 at the time of negative energy balance (the difference of air temperature in the interval 12:30 p.m.-9:30 p.m. -3.63 °C). A significant factor is the ability of vegetation with the transpiration impact to maintain the air temperature. It means to regulate the maximum differences in the vegetation and the surroundings, hard surface, when sun is not shining.
Conclusion
The aim of this study was to evaluate the capability of accumulation of solar radiation depending on vegetation structure and quality of areas A1-B1-C1, A2-B2-C2 in intervals 6:00 a.m.-12:30 p.m., 12:30 p.m.−9:30 p.m. We accomplished the legwork in summertime, June− August 2013 in residential area Chrenova 1 by using methods of the surface thermal monitoring. We evaluated the measurements values by using the ANOVA one-way analysis and Tukey HSD test in the software Statistica 7. The relationships between the vegetation structure and the surface temperature were shown as statistically significant. The accumulation of the solar radiation on vegetation area without the trees was higher -on average by 6 °C. The factor of relative air humidity was significant in the locality A1 -with the largest amount of species in the dense canopy of crowns. Research results refer to the ability of vegetation to positively influence microclimate in the urban environment. Quantification of the measurement data, statistical analysis and its generalization will provide in the future possibilities of how to solve problems related to extreme demonstrations of climatic changes in the urban environment.
